treat DIS, infection is re-established soon after treatment ceases, suggesting that denture plaque may serve as a protected reservoir of C. albicans. [6] It is established that good oral health care can improve the quality of life especially in preventing denture stomatitis and general diseases of the elderly. [5] The root cause of poor dental health stems from the complicated shapes of dentures and the roughness of the mucosal surface. Other microorganisms along with C. albicans easily accumulate on the intaglio surface of dentures and cannot be easily dislodged through mechanical brushing. [7] Various researches have added antifungal and antiseptic agents to acrylic denture base resins, which were rapidly released from them. [8] [9] [10] [11] [12] In addition, the routine use of denture cleansers may be prohibitive especially in elderly and handicapped denture wearers requiring nursing care or have decreased ability to perform a normal activity for daily living. Further, it has shown that neither denture cleansers nor a placebo was effective in reducing candidal colonization or plaque accumulation. [13] Photocatalysis is a technique wherein UV rays activate the photocatalyst. Titanium oxide (TiO 2 ) has been the prevailing material in the fields of photocatalysis and solar energy conversion due to being chemically and biologically inert and environmentally friendly. [14] It is widely used in the catalytic world. It has the advantages of being antimicrobial. This unique property can be applied in the dental or medical field. TiO 2 is used as an inorganic additive as it is chemically stable, biocompatible, and non-toxic. [15, 16] Studies have been reported wherein TiO 2 nanoparticles were added in dental restorative materials such as glass ionomer and epoxy resins. [17] [18] [19] [20] However, there were no identified reports on the antifungal activity of visible light activated (VLA) photocatalytic TiO 2 nanoparticles on incorporation in PMMA denture base resins. It was found that the commercially available TiO 2 had negligible visible light photocatalytic activity since it contains high concentrations of defects which cause rapid recombination of photo generated electronhole pairs. [14] Therefore, to establish a clean and safe photocatalytic reaction system, it was vital to develop titanium dioxide photocatalyst that can absorb visible light and operate with high efficiency under the solar beam and/or visible light. TiO 2 prepared by nitrogen doping with TiN as a precursor was known to be a visible light sensitive photocatalyst. [14, 21] Therefore, an active intermediate form of VLA yellow TiO 2 photocatalyst using TiN as a precursor in peroxide based solution route was synthesized. This technique is sensitive and expensive. Therefore, an attempt to synthesize VLA TiO 2 using scrap Ti alloy left over after dental casting was made. A portion of these two were annealed to obtain an anatase phase of the photocatalytic material having high surface area due to change in particle size. These were then combined with denture base material and assessed for the antifungal property.
This study, therefore, was aimed to synthesize VLA TiO 2 nanoparticles and investigate the antifungal activity of TiO 2 against C. albicans, a commensal in the mouth cavity. The null hypothesis was that there was no inhibitory activity of VLA TiO 2 nanoparticles against C. albicans when incorporated in denture base resins.
MATERIALS AND METHODS

Synthesis of VLA TiO 2 nanoparticles
The VLA TiO 2 nanoparticles (Type A) were synthesized using TiN (Sigma-Aldrich). [14, 21] As-prepared nanoparticles (yellow TiO 2 ) were annealed to subsequently yield anatase form of Type A TiO 2 .
An alternative electrochemical method for synthesis of TiO 2 nanoparticles was attempted using scrap Ti alloy left over after dental casting procedures. The method was modified and adopted from previously reported papers, wherein 1M solution of sodium chloride solution in 320 ml solution of distilled water was used as the electrolyte. [22] Platinum was used as cathode and Ti as an anode. The process was run for one hour using a constant current of 1.15A (Ampere) using a DC source. Precipitates were obtained from the anodic dissolution of Ti under the application of constant current. This process yielded a white precipitate which after repeated washings and drying at room temperature yielded a pure white powder. Part of this as-prepared powder was annealed to a temperature of 800°C by raising the temperature uniformly, i.e. 5°C/minute with a holding period for 2 h obtain anatase form of Type B TiO 2 .
X-ray diffraction (XRD), energy dispersive X-ray spectroscopy (EDAX), and Fourier transform infrared spectroscopy (FTIR) analysis of TiO 2 XRD, EDAX, and FTIR of as-prepared and anatase forms of Type A and Type B TiO 2 nanoparticles were obtained. The nature and phase of Type A and Type B (as-prepared and anatase nanoparticles) were studied by XRD analysis. XRD (Sietronics XRD scan, Australia) analysis was done using Cu k-alpha 1 radiation (λ = 1.5418 Å) with a scan step of 0.02°/s and 2θ° value of 20-70°. The peak patterns and values obtained were compared with the standard patterns and values. The patterns and values of Type A as-prepared material did not correspond to the standard VLA phase of TiO 2 while XRD of crystalline anatase matched (Figure 1a and b) . FTIR band patterns of Type A as-prepared powder showed organic impurities ( Figure 2a) . Moreover, scanning electron microscopy (SEM) and EDAX measurements showed the presence of organic impurities in the as-prepared powder which significantly reduced on annealing (Figure 3a and d) . Possibly, annealing reduced the above impurities and deficiences ( Figure 2b ). Therefore, it was decided to discard as-prepared material and continue with annealed anatase form. Therefore, anatase form of TiO 2 was used to assess the antifungal activity against C. albicans.
XRD patterns of Type B TiO 2 nanoparticles did not show a significant difference in the peak patterns between as-prepared and annealed particles. The peak patterns of both the powders corresponded to crystalline particles but did not match the standard patterns of photocatalytic TiO 2 nanoparticles (Figure 1c and d). When subjected to SEM and EDAX, Type B TiO 2 nanoparticles demonstrated a very reactive pattern and actual purity could not be assessed. Therefore, both the forms of Type B TiO 2 were discarded.
Preparation of test specimen
Specimens were prepared as reported in our previous study and also following manufacturers' instructions. [21] Test specimens with TiO 2 and plain acrylic specimens (controls) were referred to as Group 1 and Group 2, respectively. All the samples were immersed in distilled water to remove free residual monomer. A total of 60 specimens per group were studied throughout the study and at each time interval (1 day, 1 week, 1 month, 3 months, and 6 months) 12 samples of each group were studied.
Specimens from both the groups were subjected to FTIR, SEM, and EDAX studies. The characterization of bond established between TiO 2 and PMMA in the test specimen was analyzed using FTIR (BRUKER-FTIR Alpha-T, Germany). The presence of TiO 2 in the test specimen was assessed by EDAX at specified time intervals over a period of 6-month. The surface morphology of the test specimen was analyzed by SEM.
Microbiological tests
Salivary samples of healthy volunteers were cultured on Sabouraud's dextrose (SD) agar, and the isolates were identified by standard methods and stored in the laboratory. Suspensions of C. albicans were prepared in normal saline. At defined time periods, 12 specimens of each group and control were tested. All the procedures were performed in a biosafety cabinet (Level 2A II). All the specimens were dipped in 1% sodium hypochlorite for one hour and were repeatedly washed with sterile distilled water. Otherwise, traces of sodium hypochlorite would affect the growth of the organism. Quantitative study of inhibitory activity of TiO 2 against C. albicans
The sterile specimens of test and control groups then individually placed in 5 ml of sterile SD broth (Hi-Media Laboratories Pvt. Ltd., Mumbai, India) in autoclaved penicillin bulbs. The broth was inoculated by 100 µl of fresh liquid culture of C. albicans and was incubated for 24 h. Uninoculated media controls were incubated with each batch. The specimens were removed from the broths with sterile forceps after 24 h, and dried in a biosafety cabinet. They were placed in sterile 5 ml beakers having sterile saline, then sealed carefully with sterile plastic film and exposed to halogen light source for 4 h. Later, these specimens were transferred to penicillin bulbs containing sterile SD broth and incubated for 48 h. At the end of incubation, the broth was diluted to the ratio of 1:10000. 100 µl of the diluted culture was inoculated on a pre-incubated sterile SDA plate and spread uniformly. The plates were incubated for 48 h at 37°C. The growth of organisms on the SDA plates in the form of colonies was observed. The colonies were counted using a digital colony counter. The counts were tabulated and subjected to statistical analysis. Subcultures were made from the broth to reidentify the growth of C. albicans by making a smear and gram staining. Thus, any chances of accidental contamination were ruled out.
Statistical analysis
The results obtained were analyzed using IBMM-SPSS-STATISTICS software. Friedman Test was used to test whether counts differ significantly between different time periods, and Wilcoxon signed ranks test was done to compare the difference between the means of different time periods. The samples of growth of C. albicans exposed to Group A specimen at different time periods of 1 day, 1 week, 1 month, 3 months, and 6 months were compared with respective growths in Group B (control).
The numbers of colonies on the plates for the two groups were counted. Uncountable colonies were present in Group B across all time periods. The number of colonies with respect to Group A were found to be less (countable) and at times even nil. Therefore, application of statistical analysis to compare Group A and Group B was not possible. Hence, statistical analysis was done only for Type A across all time periods (Table 1) . Using Shapiro-Wilk test, we found that the variables do not have normal distribution except the counts for 1 week. Hence, non-parametric tests were done (Table 2) .
Friedman Test was used to test whether counts differ significantly between different time periods. A significant (P = 0.05) difference between counts over the time periods was found ( Table 3) . The counts in different time periods differed significantly. Further Wilcoxon signed ranks test were used to find the significant difference between two time periods. There is significant difference between the mean counts for all two pairs of periods (P < 0.05) except between 1 day and 6 months (P = 0.182 >0.05) and also 1 month and 3 months (P = 0.075 > 0.05) ( Table 4) .
RESULTS
The samples of growth of C. albicans exposed to Group 1 specimen at different time periods of 1 day, 1 week, 1 month, 3 months, and 6 months were compared with respective growths in Group 2 (controls). The numbers of colonies on the plates for the two groups were counted. Uncountable colonies were present in Group 2 across all time periods. The number of colonies with respect to Group 1 were found to be less and countable and at times were even nil ( Figure 4) . Therefore, application of statistical analysis to compare Group 1 and Group 2 was done. 
DISCUSSION
Light activates TiO 2 which in turn activates a portion of available water vapor into two highly reactive strong oxidizers, i.e., hydroxyl ion (OH -) and superoxide ion (O 2 -ve ). These elements have an oxidation power 2 times more than chlorine and decompose organic matter and bacteria into CO 2 and H 2 O. Therefore, many investigators have reported that TiO 2 has antibacterial effects following irradiation. [14] Commercial TiO 2 shows a considerable amount of microbicidal activity only upon irradiation by ultraviolet light, therefore restricting the potential applications of TiO 2 in our daily life. While, VLA TiO 2 nanoparticles demonstrated significant higher proportion of microbicidal activity against all tested pathogens including Staphylococcus aureus, Shigella flexneri, and Acinetobacter baumannii, with higher bacterial interaction property. [23] These findings suggest VLA TiO 2 has high bacterial interaction ability, therefore improving the antimicrobial activity of these nanoparticles. [23] TiO 2 has three types of crystal structures-anatase, rutile, and brookite type. [14] The difference in the position of the conduction band in anatase form makes it highly photocatalytic. [24] Similarly, in our study, the as-prepared and calcined powders of Type A and B when subjected to XRD, EDAX, and FTIR analysis only calcined Type A form of TiO 2 showed crystalline nature corresponding to anatase form having particle size of 31 nm (as calculated by Debye-Scherrer formula) and also matched standard patterns of photocatalytic TiO 2 nanoparticles. [14, 25] Hence, all other forms of synthesized TiO 2 (as-prepared of Type A and B; calcined Type B) were discarded. The nanoparticles of VLA TiO 2 synthesized by peroxide based route using TiN as precursor demonstrated properties similar to previously reported studies, in addition to, it being organic and chloride ion free route. [14, 21, 23, 26, 27] In our previous study, both 3% and 5% (w/w) of nanoparticles were used to make TiO 2 PMMA composite in three different combinations (viz. incorporation, precuring, and post-curing coating). [21] All combinations showed 3% w/w of TiO 2 to have effective antimicrobial activity against S. aureus. Hence, in this study, 3% w/w nanoparticles by weight of PMMA were used and only one combination, i.e., incorporation technique was used. Incorporation was preferred not only due to ease of procedure but also, it demonstrated decrease in candidal load in denture base acrylic resin when incorporated with VLA TiO 2 and irradiated with visible light in this study.
Elaska et al. incorporated 3% and 5% (w/w) of VLA TiO 2 nanoparticles in GI restorative materials. They concluded that 3% (w/w) of TiO 2 nanoparticles as a promising additive in the restorative material without deteriorating the mechanical and antibacterial properties as compared to 7% (w/w). [17] FTIR reports of the present study samples incorporated with 3% (w/w) TiO 2 did not reveal the presence of any free monomer. Presumably, TiO 2 did not affect polymerization, therefore not compromising on the strength of the material. However, it needs to be confirmed by other mechanical tests.
Based on Wilcoxon signed test results of our study, we can conclude that there is no significant difference [20, 28] The concept of combining VLA TiO 2 into denture base material was to allow the patients to wash their denture and leave them exposed to visible light while they are taking rest. The decrease in microbial load can be achieved in a short period of 3-4 h, without the need to spend on UV light source, etc. This method of denture cleansing will be helpful in patients' who are physically and mentally challenged requiring nursing care.
In our study, complete elimination of C. albicans was not achieved as multiple factors such as oral hygiene, saliva, surface roughness of acrylic resin affect the growth of denture plaque. This suggests the importance of professional oral health care check-up in preventing respiratory infection due to ill-maintained; unhygienic denture in the dependent and elderly population but with extended time intervals.
[29]
CONCLUSION
Crystalline anatase form of VLA TiO 2 having particle size 31 nm synthesized by peroxide based technique showed acceptable antifungal activity when combined with denture base material. This opens up newer areas of development using easy and freely available sunlight for decreasing fungal loads on dentures. However, tests to determine the mechanical properties of this composite material for clinical use, needs to be worked upon. 
